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1 INTRODUCTION 
Changing hydrological conditions occurring, for example, in the wake of future climate change (IPCC, 
2007) by alterations of temperatures and precipitation will have detrimental effects on the surface and 
groundwater resources in many areas of the world (e.g. Koch, 2008; Fink and Koch, 2010). This holds 
particularly for regions and countries which are already nowadays affected by water scarcity, such as the 
Middle Eastern region, including Iran. There, responding also to the needs of a strongly increasing popu-
lation, rising water withdrawals have already caused drastic changes in the surface flow regimes as well 
Studying the Effects of an Irrigation/Drainage Network on 
Groundwater Table Fluctuations Using 3D Groundwater Flow 
Modeling 
M. Zare & M. Koch 
Department of Geotechnology and Geohydraulics, University of Kassel, Kassel, Germany 
ABSTRACT: The Miandarband plain is one of the most fertile plains of the Kermanshah province, Iran, 
as it is endowed by ample surface and groundwater resources. With the construction of irrigation/drainage 
networks and the reduced use of groundwater resources, the groundwater table has risen and caused water 
logging, followed by salinization of the arable soils in the plain. Environmental deterioration and eco-
nomical losses have been the consequence. From this the importance of a study of the fluctuations of the 
water table levels in response to the construction of irrigation and drainage network in the Miandarband 
plain becomes clear. In this study the fluctuations of the groundwater table have been simulated in both 
steady-state and transient regimes using the 3D groundwater flow model MODFLOW within the GMS 
6.5 environment. For the set-up of the conceptual model, the meteorological, geological, hydrological and 
hydrogeological parameters, pertinent to the Miandarband area, were studied and implemented into the 
model. Based on the geological composition of drilling log cores, the aquifer is divided vertically into 11 
horizontal layers. The groundwater surface measured in April 2007 is used to carry out the steady-state 
calibration and employed, at the same time, as initial condition for transient simulation with head meas-
urements taken between May, 2007 and March, 2009. For model verification the heads measured in the 
subsequent month, April, 2009 is used. A very good agreement between simulated and observed ground-
water heads with a coefficient of determination R2 of 0.99 is obtained. In the next step the transient ef-
fects of the operation of the irrigation and drainage network on the ground water table is analyzed, 
whereby the simulations are started with initial conditions as they have existed prior to the operation of 
the irrigation/drainage network. In addition, to satisfy the needs of the proposed cropping pattern with the 
recommended surface irrigation, an annual water volume of 176.2 MCM is transferred from the Gavshan 
dam to the Miandarband irrigation and drainage network. It is assumed that 25% of this irrigation water 
infiltrates into the aquifer as recharge. With these parameters ground water levels for times of 1, 5 and 10 
years after the start of the network operation are calculated. The results show that after 1 year the 
groundwater table in the center of the plain has risen about 1.8 m, but going up to 3.2 and 5.2 m for 5 and 
10 years, respectively. Moreover, after 1 year, 6.59% of the plain’s areas are waterlogged, a value which 
goes up to 37.91% and 56.28% after 5 and 10 years, respectively. In conclusion, by using a transient 
groundwater flow model it is possible to control the ground water levels and, so, to prevent the occur-
rence of detrimental water logging events in irrigated agricultural areas 
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as severe drops in groundwater levels in many basins of that country. Responding to all these water de-
mands and converting weak points and threats to new capabilities and opportunities necessitates the use 
of appropriate water resources management strategies more than ever before. Therefore, finding suitable 
methods and models for conjunctive use of surface water and groundwater resources, that have maximum 
efficiency, is one main priority in water resources management. (Bejranonda et al., 2009)   
One particularly water-affected region in the west of Iran is the Miandarband plain, where groundwater 
serves as the main source of agricultural irrigation. The construction of the Gavoshan Dam’s irrigation 
and drainage network is a national project in Miandarband plain that is supposed to be realized in the near 
future. Although the main goal of this project is the agricultural development in the basin, some of its ef-
fects could also be undesirable, due to a lack of effective water resources management. In fact, after the 
construction of such a modern irrigation/drainage network, the groundwater withdrawal could be reduced 
significantly, so that the groundwater table level could rise, and water logging may occur subsequently.  
The phenomenon of water logging is prevalent in many artificially irrigated, agricultural areas in arid re-
gions across the globe, where it then causes numerous economic and environmental losses, for instance, 
among other factors, increasing soil salinity (Rhoades and Loveday, 1990). Therefore, one key to under-
stand water logging and to develop measures, to prevent it, such as proper drainage (Ritzema, 1994), is an 
analysis of the groundwater table fluctuations in the region affected. This can be done efficiently by the 
use of numerical groundwater flow models (Mahmudian Shoushtari, 2010). 
In recent years, groundwater simulation models such as the well-known MODFLOW groundwater 
model (McDonald and Harbaugh, 1988) have been widely employed in general groundwater flow studies 
and, namely, in applications of conjunctive water use, which is often the cause for the named water-
logging problems in irrigation command areas (Bejranonda et al., 2009; Dafny et al., 2010; Xu et al., 
2011; Koch et al., 2012). For example, Kim and Soltan (2006) simulated the impacts of an irrigation and 
drainage network on the Nubian aquifer’s, Egypt, groundwater resources using MODFLOW. The authors 
showed that, in order to prevent waterlogging problems in the floodplain, an effective water resources 
management strategy must be applied. Kumar et al. (2009) simulated groundwater flow in a section of the 
Western Yamuna Canal (WYC) in Haryana state (India) during May 1985– May 2004 by Visual-
MODFLOW. Their results indicated a long-term water table drop in the central, north and along the River 
Yamuna, whereas in the south of the model region, water levels rose by 5–10 m, i.e. waterlogging condi-
tions had been created there. These authors showed further that with such a rate of groundwater pumping  
a further future deterioration of the groundwater situation would occur, with the groundwater table declin-
ing further in the already afflicted area, with no changes to be anticipated in the waterlogged areas. Sever-
al groundwater modeling studies deal with groundwater flow in regions of Northern China, where many 
areas are facing water resources shortages and/or the named pollution problems which, eventually, have 
already adversely affected the agricultural productivity there (e.g. Wang et al, 2008; Xu et al., 2011 Xu et 
al., 2012). Groundwater resources problems in Thailand, where regularly interchanging periods of 
droughts and flooding are often leading to large fluctuations of the groundwater table, have been numeri-
cally analyzed by Bejranonda et al. (2009) and Koch et al. (2012), both of which indicated the need for 
more elaborated approaches for optimal conjunctive water uses in such extreme situations.  
In the present paper, the effects of the construction of the Gavoshan Dam’s irrigation and drainage net-
work on the groundwater resources in the region will be simulated, using the MODFLOW groundwater 
flow model in the GMS 6.5 environment (USACE, 2008). 
2 STUDY AREA  
The Irrigation and drainage network of Gavoshan Dam will be constructed in Miandarband plain that lo-
cated in western Iran, near the city of Kermanshah. This region is geographically limited in the North by 
the Gharal and Baluch mountains and in the South by the Gharsu River and has a surface area of about 
280km2 (see Figure 1). Surface water in the study area occurs in the form of springs and stream flow, with 
the major river being the Razavar River (Anonymous, 2010).  
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Figure 1. Left Panel: Miandarband plain groundwater study area in western Iran; Right Panel: Gavoshan Dam’s planned and 
partly constructed irrigation and drainage network 
3 MATERIALS AND METHODS  
3.1 Hydro-meteorological and hydrogeological data  
Meteorological as well as hydrological data are required for the development and calibration of a mathe-
matical and/or numerical groundwater model. In the present study data recorded over a period of 35 years 
(the long-term monthly means of the meteorological variables precipitation, potential evapotranspiration 
and temperature) are employed, whereas Table 1 shows the long-term averages of the monthly inflow and 
outflow discharge data at the three gauging stations used in the analysis. More specifically, the Pirmazd 
and Hojatabad hydrometer stations discharge data are used to specify inflow and outflow boundary condi-
tions, respectively, for water the budget estimations in the plain. This data is augmented by discharge 
measurements at the Doab-mereg station at the Gharasu River. 
With regard to hydrogeological data, there are 1,160 wells and 7 springs in the study area. According to 
the water statistics for year 2003, agriculture used 151.928 MCM/year of groundwater reservoir which 
corresponds to an average pumping rate of 4.15L/s for each well (Gamasiab, 2007) 
 
Table 1. Miandarband plain’s average of annual monthly long-term inflow (station Pirmazd), outflow (station Hojatabad) as 
well as the discharge at the station Doab-mereg at the Gharasu river (see Figure 1) (in m3/s) 
Annual Mar Feb Jan Dec Nov Oct Sep Aug Jul Jun May Apr Station 
5.93 60.72 9.6 4.94 4.92 1.26 0.17 0.1 0.16 0.42 1.71 10.24 22.41 Pirmazd 
7.86 19.15 12.19 7.08 5.36 2.71 1.46 1.36 1.59 2.29 4.66 13.93 22.49 Hojatabad 
5.15 13.06 6.33 4.22 3.95 2.27 1.19 0.95 1.16 1.84 3.05 8.6 15.23 Doab-mereg 
3.2 Stratigraphy  
Based on the geological information inferred from the drilling log cores at the 8 well locations (Table 2), 
the groundwater aquifer is divided vertically into 11 horizontal layers, as shown in Figure 2. These layers 
are made of the following soils/soil-mixtures: 1. clay, 2. clay-sand, 3. clay-gravel, and 4. gravel-stone. 
Each of these soil materials has certain permeability or, more important for groundwater modeling stud-
ies, a hydraulic conductivity K, which will be used and refined in the later model calibration task. Suffice 
to say here that the clay as well as the lower gravel-stone (consisting mostly of compacted marl) layers 











3.4 Development and setup of a groundwater flow model for the Miandarband aquifer system  
The conceptual model 
The first step in setting up a numerical groundwater flow model is the build-up of an appropriate concep-
tual model, in order to assess the groundwater system in its simplest form. Since the complete setup of the 
field system is difficult and almost impossible, simplifications of difficult issues need to be made during 
the model development task (Anderson and Woessner, 1991). The development of the conceptual model 
requires a thorough understanding of the general hydrology, hydrogeology, as well as the dynamics of the 
ground water flow in and around the study area. The result of this primordial task is then usually a com-
puterized database as well as simplified digital maps and cross sections that will be used later in the final 
set-up of the numerical model. In order to develop this conceptual model, some field visits into the study 
area were undertaken and different hydrogeology-, hydrology- and drilling log core (see Table 2) reports 
related to the Miandarband plain were used. Eventually, a schematic plan of the system was developed 
using data from observation wells, flow discharge, and infiltration resulting from precipitation and as well 
as calculations of water balances. 
Finite difference grid discretization of the model domain 
Based on the results of the geological (see Table 2) and various other geophysical investigations (Anon-
ymous, 2010), and following the ensuing stratigraphy plot (Figure 2), the Miandarband model aquifer has 
been set up as unconfined/confined mixed aquifer with 11 layers, whereby the upper aquifer layer is con-
sidered as unconfined and all layers below are allowed to convert from confined to unconfined and vice 
versa, depending on the computed head elevations in a layer under question. With this information a 3D 
finite difference grid of the model domain has been created in the GMS- environment, consisting of 
100x100 cells in the horizontal-, and 11 layers in the vertical direction.  The overall dimensions of the 
model in x, y and z directions are 22000, 30000 and 203 meters, respectively. Figure 4 shows the 3D- 
model grid created in this way, with the various colored lines marking sections, where different packages 
for inflow/outflow and/or stresses on the groundwater system in MODFLOW are activated. 
Boundary conditions 
The specification of the appropriate boundary conditions is another challenge in groundwater modeling 
studies. Boundary conditions are necessary to represent the groundwater system’s interaction with the 
surrounding area (e.g. Ahmed and Umar, 2009). Two kinds of boundary conditions (BC) were formulated 
at the boundaries of the model domain (see Figure 4, middle panel): (1) Neumann- (no flow) BC’s along 
those segments of the domain which, because of the surface topography of the Miandarband plain, form 
some kind of a water divide and, (2) general head boundaries (GHB) where the inflow/outflow across the 
boundary is computed by QB = Cond*(hout - haquif) (McDonald and Harbaugh, 1988), where hout is a spec-
ified head outside the domain, haquif  is the unknown (simulated) head next to the boundary inside the aq-
uifer and Cond (m2/s) is the conductance of the soil in the boundary segment. There are 11 GBH-
segments along the whole model boundary which are indicated in Figure 4. As vindicated by the later 
model computations for haquif and the ensuing signs in the equation for QB above, all, but #11 of the num-
bered GHB segments are inflow boundaries, with only the latter being an outflow boundary. As for the 
boundary conductance C, it will be estimated and fine-tuned during the calibration process. 
Sources and sinks in the aquifer system 
In addition to the mentioned in- and outflows across the boundaries of the model, the Miandarband aqui-
fer system gains inflow from infiltration through precipitation (recharge), and some streambed infiltration 
from the Gharasoo River. Apart from the afore-mentioned groundwater outflow across the downstream 
boundaries of the model domain, most of the aquifer’s water loss is due to the pumping from the 1,160 
wells and the discharge through the 7 springs (see Figure 4, right). It should be noted here that since the 
installation specifications of the wells, namely, their depths were not always known (many of them were 
drilled most likely without proper legal authorization), their penetration lengths have been limited in the 





Figure 6. Top row: Simulated piezometric isolines after 1, 4 and 10 year of the operation of the irrigation network, Bottom 
row: Corresponding changes, relative to the observed heads for April 2006 (see Figure 3). 
5 CONCLUSIONS 
Water logging by rising groundwater levels, inducing the salinization of arable soils, has become an im-
minent problem in many irrigated agricultural areas in the world. Such has been the case for the Miandar-
band plain in the Kermanshah province, Iran. The adverse situation there is further accentuated by the on-
going construction of an irrigation/drainage network and the reduced use of ground water resources.  To 
simulate the effects of the latter with regard to a possible groundwater table rise and the occurrence of 
subsequent detrimental water logging, the 3D groundwater flow model MODFLOW within the GMS 6.5 
environment has been employed. After calibration and verification of the model, the possible effects of 
the future construction of the Gavoshan Dam’s irrigation and drainage network on the groundwater table 
have been simulated. The results show that already after 10 years of irrigation operation, more than 50% 
of the plain’s surface will be waterlogged. Therefore, an effective water resources management strategy is 
required to prevent this imminent waterlogging problem. One well-suited policy approach to that regard 
would be the application of optimally managed conjunctive surface-groundwater operations, the setup of 
which will, however, require further quantitative groundwater management simulations. 
362
REFERENCES 
Ahmed I. and R. Umar (2009) Groundwater flow modeling of Yamuna–Krishni interstream, a part of central Ganga Plain Uttar 
Pradesh, India, Journal of Earth Science Systems, 118,5, 507-523.  
Anderson. MP and WW. Woessner (1991) Applied groundwater modeling simulation of flow and advective transport. Aca-
demic press, San Diego, California, US,, 381p. 
Anonymous, (2010). Kermanshah groundwater resources report, Ministry of Power. Iran.  
Bejranonda, W., M. Koch and S. Koontanakulvong (2009), Improving traditional conjunctive Use Management with Surface 
Water and Groundwater dynamic Interactions Modeling, International Symposium on Efficient Groundwater Resources 
Management (IGS-TH 2009) , Bangkok, Thailand, February 16-21, 2009 
Gamasiab consultant Co. (2007). Miandarband flood plain's groundwater report. Kermanshah Iran.(in farsi) 
Dafny, E., A. Burg, and H. Gvirtzman (2010) Effects of  Karst  and  geological structure on groundwater flow: The case of  
Yarqon-Taninim Aquifer, Israel, Journal of Hydrology, 389, 3–4, 260-275.  
Fink, G. and M. Koch (2010) Climate Change Effects on the Water Balance in the Fulda Catchment, Germany, during the 21st 
Century, In: Proceedings of the Symposium on "Sustainable Water Resources Management and Climate Change Adapta-
tion", Nakhon Pathom University, Thailand, June 16-17, 2010 
IPCC (2007) Summary for policymakers. In: Solomon S, Qin D, Manning M, Chen Z, Marquis M, Averyt KB, Tignor M, Mil-
ler HL (eds) Climate change 2007: the physical science basis. Contribution of working group I to the fourth assessment re-
port of the intergovernmental panel on climate change. Cambridge University Press, Cambridge,UK. 
Kim, J. and M. Sultan (2002). Assessment of long-term hydrologic impacts of Lake Nasser and related irrigation projects in 
Southwestern Egypt, Journal of Hydrology, 262, 68-83 
Koch, M (2008) Challenges for future sustainable water resources management in the face of climate change, The 1st NPRU  
Academic Conference, Nakhon Pathom University, Thailand, October 23-24, 2008.  
Koch, M., P. Arlai, P. and A. Lukjan (2012) Modeling Investigation of the future permissible Yield in the upper Chiang Rai 
Aquifer System, Procedia Engineering, 32, 69–76.  
Kumar, V., K. J. Anandhakumar, M. K. Goer and P. Das (2009). Groundwater flow modeling in a canal command of Haryana 
State, India, Symposium JS.2 at the Joint IAHS & IAH Convention, Hyderabad, India, September 2009 IAHS Publ. 329.    
McDonald, M.G., and A.W. Harbaugh (1988). A modular three-dimensional finite-difference ground-water flow model (PDF), 
Techniques of Water-Resources Investigations, Book 6, U.S. Geological Survey, Reston, VA.. 
Mahmudian Shoushtari, M. (2010). Groundwater flow hydraulics, Chamran Univers. Publ.. Ahvaz, Iran.(in farsi) 
Ritzema, H.P (ed.) (1994) Drainage Principles and Applications. International Institute for Land Reclamation and Improve-
ment (ILRI), Publication 16, Wageningen, The Netherlands.  
Rhoades, J.D. and J. Loveday (1990), Salinity in irrigated agriculture. In: Stewart, B.A., Nielson, D.R. (Eds.), Am. Soc. Civil 
Eng., Irrigation of Agricultural Crops. Am. Soc. Agronomists, Madison, WI, p. 1089–1142. 
USACE (2008), U.S. Army Engineer Research and Development Center., Groundwater Modeling System (GMS) 
Wang, S., J. Shao, X. Song, Y. Zhang, Z. Huo and X. Zhou (2008). Application of MODFLOW and geographical information 
system to groundwater flow simulation in North Plain, China, Environ Geol, 55,  1449-1462 
Xu, X., G. Huang, Z. Qu, and L. Pereira (2011). Using MODFLOW and GIS to assess changes in groundwater dynamics in re-
sponse to water saving measures in irrigation districts of the upper Yellow River basin, Water Resour. Manage.. 
doi:10.1007/s11269-011-9793-2. 
Xu, X., G. Huang, H. Zhan, Z. Qu and Q. Huang (2012). Integration of SWAP and MODFLOW-2000 for modeling groundwa-
ter dynamics in shallow water table areas, Journal of Hydrology, 412–413, 170–181. 
Zare, M. and M. Koch (2014). 3D- groundwater flow modeling of the possible effects of the construction of an irriga-
tion/drainage network on water-logging in the Miandarband plain, Iran. Basic Research Journal of Soil and Environmental 
Science. ISSN 2345-4090 Vol. 2(3) pp. 29-39, June 2014 
 
363
